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(54) Optical fiber transmission line with dispersion compensation 



(57) An object of this invention is to realize satisfac- 
tory long haul transmission characteristics using two 
kinds of optical fibers. An optical fiber transmission line 
consists of a plurality of local dispersion compensating 
spans, wide dispersion compensating spans disposed 
at predetermined intervals, and optical repeating ampli- 
fiers to connect each span. The local dispersion com- 
pensating span consists of a first optical fiber with pos- 



itive dispersion having an effective core area of 1 30 \im^ 
or more and a second optical fiber with a negative dis- 
persion value of -50 ps/nm/km or less to transmit the 
light output from the first optical fiber. The wide disper- 
sion compensating span consists of a third optical fiber 
having the same configuration and composition with the 
first optica! fiber. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to an optical fiber trans- 
mission line which chromatic dispersion is controlled. 

BACKGROUND OF THE INVENTION 

[0002] In a long haul optical fiber transmission sys- 
tem, dispersion compensating fibers are disposed at ap- 
propriate intervals because it is necessary to control ac- 
cumulated chromatic dispersion within a predetermined 
value (See U.S. Pat. No. 5,361,319) 
[0003] In wavelength division multiplexing (WDIVil) op- 
tical transmission that has attracted public attention as 
a means to increase a transmission capacity, there is 
another problem that accumulated chromatic dispersion 
differs per wavelength since chromatic dispersion of a 
transmission optical fiber differs per wavelength (this is 
called as a dispersion slope). At the beginning, although 
a configuration to compensate the difference of accu- 
mulated chromatic dispersion values between the 
wavelengths at a receiver or transmitter side ts pro- 
posed, the dispersion amount that the transmitter or re- 
ceiver side can compensate is limited. In addition, the 
permissible difference of dispersion values tends to de- 
crease as a bit rate per channel increases. 
[0004] Therefore, such an optical transmission line 
has been proposed that locally compensates the accu- 
mulated chromatic dispersion per optical repeating span 
and widely compensates the accumulated chromatic 
dispersion per predetermined number of optical repeat- 
ing spans simultaneously (See, for example, Japanese 
Laid-Open Patent Publication No. 2000-82996, T. Naito 
et al., ECOC '99 PDPD2-1 , Nice, 1 999. and EP 1 035671 
A2). 

[0005] In the configurations disclosed in the Japanese 
Laid-open Patent Publication No. 2000-82995 and pa- 
per by Naito et al, when an optical fiber having the dis- 
persion value between -20 ps/nm/lon and -45 ps/nm/km 
is used as a negative dispersion fiber, the ratio of the 
length of the negative dispersion fiber to a positive dis- 
persion fiber increases. Consequently, optical input 
power given to the negative dispersion fiber having a 
relatively small effective core area increases and ac- 
cordingly signal degradation due to the nonlinear effect 
also increases. 

[0006] In the configuration disclosed in EP 1035671 
A2. since the local dispersion DIocal is set to a positive 
value (between +1 ps/nm/km and +4 ps/nm/km), a dis- 
persion compensating fiber to be disposed at a wide ar- 
ea compensating span must be a negative dispersion 
fiber. In consideration of practical maintenance of a sys- 
tem, it is preferable that the interval of repeaters should 
be 20 km or more and also the length of each repeating 
span should be approximately equivalent. However, if a 
negative dispersion fiber with a dispersion value of -50 



ps/nm/km or less (absolute value is 50 ps/nm/km or 
more) Is used for the compensation of the wide area, 
the length of approximately 10 km is sufficient and this 
is very different to the lengths of other repeating spans. 

s To equalize the lengths of all repeating spans, it is nec- 
essary to provide a third optical fiber with a different 
chromatic dispersion value as a dispersion fiber for the 
wide area compensation, which means to use three 
kinds of optical fibers. This makes the maintenance of 

10 the system very drfffcult. For Instance, when broken 
parts are to be connected, it is required to provide three 
kinds of optical fibers and insert one of the fibers after 
selecting suitable one for the optical fiber with the bro- 
ken parts. 

IS [0007] In addition, since the effective core area of a 
negative dispersion fiber is small, it is necessary to de- 
crease the optical input power to reduce the degradation 
of transmission perfomnance due to nonlinear effect in 
the negative dispersion fiber at the repeating span for 

20 wide area compensation. For example, it is necessary 
to dispose an attenuator Immediately in front of the neg- 
ative dispersion fiber. 



25 



SUMMARY OF THE INVENTION 



[0008] It is therefore an object of the present inventton 
to provide a low nonlinear optical fiber transmission line 
in which two kinds of optical fibers flatten chromatic dis- 
persion. 

30 [0009] An optfeal fiber transmission line according to 
the invention consists of a plurality of local dispersion 
compensating spans, a wide area dispersion compen- 
sating spans disposed at predetennined intervals, and 
optical repeating amplifiers to connect each span, 
35 wherein the local dispersion compensating span con- 
sists of a first optical fiber of positive dispersion having 
an effective core area of 1 30 ^m2 or more and a second 
optical fiber having a negative dispersion value of - 50 
ps/nnn/km or less to transmit an optfeal signal output 
40 from the first optteal fiber, and the wide area dispersion 
compensating span consists of a third optical fiber hav- 
ing the same configuration and composition with the first 
optical fiber. 

[0010] Owing to the above dispersion control, satis- 
45 factory transmission characteristics can be realized 
even on the long haul transmission. Furthemiore, the 
maintenance control becomes easier because practi- 
cally only two kinds of the optical fibers are used. 
[0011] Preferably, the distance of the wide area dis- 
50 persion compensating span is substantially equal to that 
of the local dispersion compensating span. Accordingly, 
optical amplifiers of the same configuration can be used 
for both spans. This also makes the maintenance con- 
trol easier. 

55 [0012] Preferably, the average chromatic dispersion 
afterthe dispersion compensation by the second optical 
fiber at the local dispersion compensating span should 
be between -4 ps/nm/km and -1 ps/nm/km. This can re- 
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alize high speed and large capacity WDM transmission 
on the long haul transmission of 1000 km or more. 

BRIEF DESCRIPTION OF THE DRAWING 

[001 3] The above and other objects, features and ad- 
vantages of the present invention will be apparent from 
the fottowing detailed description of the preferred em- 
bodiments of the invention in conjunction with the ac- 
companying drawings, in which: 

FIG. 1 shows a schematic block diagram of a first 
embodiment according to the invention; 
FIG. 2 shows a schematic diagram of distance var- 
iation of accumulated chromatic dispersion of the 
embodiment shown in FIG. 1; 
FIG. 3 shows measured examples Indicating the in- 
fluence of dispersion value of a negative dispersion 
optical fiber 20; 

FIG. 4 shows measured examples of the optimum 
range of DIocai; and 

FIG. 5 shows the measured preferable range of the 
effective core areas of positive dispersion optical 
fibers 18 and 22. 

DESCRIPTION OF THE PREFERRED EIVIBODII\4ENT 

[0014] Embodiments of the invention are explained 

below in detail with reference to the drawings. 
[0015] FIG. 1 shows a schematic block diagram of a 
first embodiment according to the invention, and FIG. 2 
shows a schematic diagram of a dispersion map, name- 
ly distance variation of accumulated chromatic disper- 
sion. 

[0016] Reference numeral 10 denotes an optical 
transmitter to launch a WDM optical signal onto an op- 
tical transmission line 12, and reference numeral 14 de- 
notes an optical receiver to receive the WDM optical sig- 
nal propagated on the optical transmission line 12. The 
optical transmission line 12 consists of a plurality of re- 
peating spans partitioned by optk^l amplifiers 16 (16-1 , 
1 6-2...). In this embodiment, the accumulated chromatic 
dispersion and dispersion slope are locally compensat- 
ed per repeating span and the accumulated chromatic 
dispersion is widely compensated per predetermined 
number of the repeating spans simultaneously. The re- 
peating span to locally compensate the chromatk; dis- 
persion is called as a local compensating span and the 
repeating span to widely compensate the chromatic dis- 
persion is called a wide compensating span. In the em- 
bodiment shown in FIG. 1 , the local compensating span 
equals to one repeating span. One repeating span after 
six local compensating spans becomes the wide com- 
pensating span. In the embodiment shown in FIG. 1 , the 
six local compensating spans and the following one 
wide compensating span forni a basic unit, and this ba- 
sic unit is repeated until reaching the optical receiver 1 4. 
[0017] The local compensating span consists of a 



positive dispersion optical fiber 18 (18-1, 18-2...) and a 
negative dispersion optical fiber 20 (20-1, 20-2...) to 
transmit the output light from the positive dispersion op- 
tical fiber 18. The wide compensating span consists of 

5 a positive dispersion optical fiber 22 alone that compos- 
es the same optical fiber with the positive dispersion op- 
tical fiber 18. In this embodiment, one repeating span is 
set to 20 km or more, the effective core area Aeff of the 
positive dispersion optical fibers 1 8 and 22 is set to 130 

10 pxn^ or more, and the negative dispersion optbal fiber 
20 consists of an optical fiber with the chromatic disper- 
sion of -50 ps/nm/km or less, namely an optical fiber with 
the negative chromatic dispersion having the absolute 
value of 50 ps/nm/km or more. 

15 [0018] As shown in FIG. 2, the chromatk^ dispersion 
and length of the positive dispersion optk^al fibers 18, 
22 and negative dispersion optical fiber 20 are set so 
that the chromatic dispersion value after the local dis- 
persion compensation, namely the local average chro- 

20 nriatic dispersion DIocal becomes a negative value and 
the chromatic dispersion value after the wide dispersion 
compensation, namely the wide chromatic dispersion 
value Davg becomes a positive value or negative value 
near to zero. In principle, the length of each repeating 

25 span is identical. With the above configuration, optical 
amplifiers with the same configuration and gain charac- 
teristics can be used for every optical amplifier 16 and 
therefore the maintenance becomes much easier. 
[001 9] Preferably, DIocal should be approximately be- 

30 tween -1 ps/nm/km and -4 ps/nm/km. Owing to this dis- 
persion control, the transmission capacity increases 1 .5 
times as much as that of the conventional systems. 
[0020] In this embodiment, the dispersion slope is not 
compensated at the wide compensation stage. Accord- 

35 ingly, the accumulated chromatb dispersion per wave- 
length expands in the period of the wide compensating 
span. However, one of the merits of this embodiment is 
that the maintenance becomes much easier since the 
optical transmission line part can be formed using only 

40 two kinds of optical fibers. Moreover, even on 1 0000 km 
transmission, the transmission characteristics hardly re- 
ceive any bad influence from not compensating the dis- 
persion slope in the wide compensating span. 
[0021] The desirable dispersion values of the nega- 

45 tive dispersion optical fiber 20 are measured at 7750 km 
and 10000 km transmissions respectively. The meas- 
ured results are shown in FIG. 3. The horizontal axis 
expresses the dispersion values of the negative disper- 
sion optical fiber 20 and the vertical axis expresses the 

50 average values of Q2 (dB). Obviously from FIG. 3, the 
chromatic dispersion value of the negative dispersion 
optical fiber 20 should set to -50 ps/nm/km or less. 
[0022] The optimum range of the local dispersion val- 
ue DIocal is measured. The measured results are shown 

55 in FIG. 4. Here, the transmission distance is 6000 km 
and 16 wavelengths of 10 Gbit/s are multiplexed. The 
wide compensation is performed every seven repeating 
spans. DIocal Is scanned through varying the dispersion 
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values of the negative dispersion optical fiber 20. The 
other parameter values are as mentioned above. The 
horizontal axis expresses DIocal (ps/nm/km) and the 
horizontal axis expresses Q2 (dB). Obviously from FIG. 
4, satisfactory results can be obtained by setting DIocal s 
to the range between -1 ps/nm/km and -4 ps/nm/km. 
[0023] The influence of the effective core area Aeff of 
the positive dispersion optical fibers 18 and 22 is re- 
searched. FIG. 5 shows the measured result. The hori- 
zontal axis expresses the effective core area of the pos- io 
Itlve dispersion optfcal fibers 1 8, 22 and the vertical axis 
expresses (dB). The transmission distance is 6000 
km and 16 wavelengths of 10 Gbit/s are multiplexed. 
DIocal is set to -4 ps/nm/km and the wide compensation 
is perfonned every seven repeating spans. Obviously is 
from FIG. 5, the effective core area Aeff of the positive 
dispersion optical fibers 1 8 and 22 should preferably set 
to 130 nm2 or more. 

[0024] The material dispersion of the positive disper- 
sion fiber is approximately +20 ps/nm/km at the 1 .5 jim 20 
band, which is substantially the maximum value. On the 
other hand, the negative dispersion fiber has the nega- 
tive dispersion and negative dispersion slope at the 1 .5 
MJn band, and its effective core area Is approximately 
between 20 and 30 p.m2, which is substantially the max- 25 
imum value. 

[0025] As readily understandable from the aforemen- 
tioned explanation, according to the invention, satisfac- 
tory long haul transmission characteristics can be real- 
ized by using two kinds of optical fibers. In addition, the 30 
dispersion management and maintenance become 
much easier, and satisfactory transmission characteris- 
tics can be realized at high speed and large capacity 
WDM transmission. 

[0026] While the Invention has been described with 35 
reference to the specific embodiment, it will be apparent 
to those skilled In the art that various changes and mod- 
ifications can be made to the specific embodiment with- 
out departing from the spirit and scope of the Invention 
as defined in the claims. 40 



configuration and composition with the first optical 
fiber. 

2. The optical fiber transmission line of claim 1 where- 
in the distance of the wide dispersion compensating 
span is substantially equal to that of the local dis- 
persion compensating span. 

3. The optical fiber transmission line of claim 1 or 2 
wherein the average chromatic dispersion of the lo- 
cal dispersion compensating spans afterthe disper- 
sion compensation by the second optical fiber Is be- 
tween -4 ps/nm/km and -1 ps/nm/km. 



Claims 

1 . An optical fiber transmission line comprising a plu- 45 
rality of local dispersion compensating spans, wide 
dispersion compensating spans disposed at prede- 
termined intervals, and optical repeating amplifiers 
to connect each span; 

wherein the local dispersion compensating so 
span comprises a first optical fiber with positive dis- 
persion having an effective core area of 130 fim2 or 
more and a second optical fiber with a negative dis- 
persion value of -50 ps/nm/km or less to transmit 
an optical signal output from the first optical fiber; ss 
and 

wherein the wide dispersion compensating 
span comprises a third optical fiber having the same 
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FIG. 3 
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FIG. 4 
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